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This invention relates to the moulding under 
pressure of certain finely divided materials, 
without binders, but under particular condi 
tions, whereby the mouldings produced have 
mechanical strength superior to that of Ordi 
nary mouldings of the finely divided materials 
moulded without binder. The invention is of 
special interest in relation to briquets of com 
mercial size but is not restricted thereto. 

It is the principal object of this invention to 
provide a process whereby certain finely divided 
materials may be moulded under pressure, to 
form mouldings having mechanical strength Su 
perior to that of ordinary mouldings of the finely 
divided material. It is another object of this 
invention to provide a process whereby mixtures 
of certain finely divided materials may be 
moulded, under pressure, to form mouldings hav 
ing mechanical strength superior to that of 
ordinary mouldings of the mixtures. It is a 
particular object of this invention to provide a 
process whereby lime and mixtures of lime with 
other materials may be pressed into briquets 
having mechanical strength superior to that of 
ordinary briquets of lime or lime mixed with 
other material. 

Briquets of most pulverulent materials are 
relatively weak in impact strength and/or low 
in abrasion resistance unless excessive, impra.C- 
tical, briquetting pressures are used or unless 
binders are added to the materials prior to their 
being briquetted. With the aid of binders of 
various types, it is possible to make briquets of 
a wide variety of materials at reasonable 
briquetting pressures. However, 
binders is sometimes prohibited by the necessity 
for non-contamination of the material of which 
the briquet is to be made. Further, the addi 
tional cost of the binder is sometimes prohibitive 
and always objectionable. 

It has been discovered that briquets of nu 
merous pulverulent non-metallic inorganic ma 
terials, having superior mechanical properties, 
can be made by carrying out the pressing oper 
ation with the materials at elevated tempera 
tures. This advantage cannot be achieved with 
all materials to an equal extent. 
The fact that a large number of non-metallic 

in Organic free-flowing pulverulent materials of 
very high melting point (i. e. not below about 
1200° C.) are mouldable at temperatures for be 
low their normal melting points has apparently 
not been generally recognized. It has been 
found that such materials, when in a finely di 
vided or powdery form and heated to the tem 
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perature range at which they exhibit mouldable 
properties, can be pressed into briduets that have 
far greater mechanical strength than briquets 
made of the same materials at normal room 
temperature at which the materials do not ex 
hibit mouldable properties. It has also been 
found that when Such materials are mixed, in 
finely divided form, with other materials, also in 
finely divided form, the mixtures can be moulded 
and pressed, at an elevated temperature, into 
mouldings that have far greater mechanical 
strength than mouldings made of the same mix 
tures pressed at normal room temperatures. 
The briquetting of coal at elevated tempera 

tures is well known, the purpose of the elevated 
temperature during the pressing operation being 
to develop the plasticity of the coal and/or to 
evolve tarry substances to act as binder. Coal 
is not one of the pulverulent materials referred 
to in this specification, since binding material 
is inherent in heated coal. 
In the art of powder metallurgy, it has be 

come a common practice to heat and press metal 
powders simultaneously, causing welding or 
fusion of the particles. Particle fusion occurs 
Without the use of excessively high preSSures 
since, as is well known, metals undergo plastic 
deformation under stress at elevated tempera 
tures. - 

As far as is known, materials other than the 
above have always been briquetted at whatever 
temperature the materials happened to have, de 
pending on their previous environments during 
processing, storage, or transportation. Perhaps 
the only exception occurred when a binder which 
required elevated temperature to melt or Soften 
was used as an addendum in a briquetting 
proceSS. w 

The present invention consists of a process for 
briquetting finely divided, pulverulent, non 
metallic, inorganic materials that exhibit the 
property of being mouldable at elevated tem 
peratures, the process being characterized in 
that the material is heated to an elevated tem 
perature and the pressing operation is carried 
out without the addition of binding material 
while the material being briquetted is at the ele 
wated temperature. The invention includes the 
process as outlined above and as applied to mix 
tures of the above-mentioned materials and to 
mixtures of the above-mentioned materials with 
other materials which, by themselves, are un 
suitable for the process of this invention. More 
particularly the invention consists of a process 
for the production of briquets having improved 
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mechanical properties obtained by briquetting 
pulverulent non-metallic inorganic materials at 
temperatures much below the fusing or melting 
point of the materials but elevated above normal 
briquetting temperatures by about 100° to 500 
C. In particular, the invention comprises the 
briquetting, at temperatures in the range from 
about 300° C. to about 500° C. and at pressures in 
the range from about 5,000 lb./sq. in. to about 
30,000 lb./sq. in., of pulverulent non-metallic 
inorganic materials and mixtures that exhibit 
the property of being mouldable at the briquet 
ting temperature, including the following, inter 
alia: 

Dried and pulverized limestone 
C. P. calcium carbonate (precipitated) . 
Line (calcined C. P. CaCO3) 
Lime (calcined limestone) 
Time (calcined C. P. Ca(OH)2) 
Lime hydrate (acetylene dry generator residue) 
Lime (calcined lime hydrate) (acetylene dry gen 
erator residue) 

Magnesia. 
Calcined dolomite and ferrosilicon (used in 

Pidgeon process for magnesium) 
Zinc oxide - 

Zinc oxide and coke (5:1 by Weight, as used in 
producing zinc) 

Zinc oxide and ferric hydroxide (acetone process 
catalyst) 

Calcium carbide dust 
Pulverized coke and lime (calcined from lime 

hydrate) 

The following examples are given to illustrate, 
but not to limit, the scope of the invention. 

Eacample it 

Lime dust (through 100 mesh) from calcined 
commercial limestock was briquetted at room 
temperature and at a pressure of 15,000 lb./sq.in. 
in a cylindrical mould of one inch diameter giv 
ing a briquet one inch high. Similar briquets 
Were made by the same method and from the 
Sane lime, but with the lime and the mould 
maintained at about 500° C. Groups of each type 
of briquet were tested as described below with 
these results: 

Impact Abrasion 
Strength Test 

Pressed at room temperature- H - - - - - - - - - - - - - - - - 3.2 

Pressed at 500° C.III 15.6 g 

It is readily seen that briquetting this mate 
rial at an elevated temperature has resulted in 
an almost five-fold increase, in resistance to im 
pact, 9We the resistance to impact of the Sale 
material briquetted at room temperature. There 
has also been a decrease of over 45% in the 
amount of dust produced in the abrasion test Of 
briquets of this material with the briquets be 
nS pressed at an elevated temperature. These 
outstanding improvements in the mechanical 
properties of briquets are entirely unexpected, 
and not predictable from the Ordinary properties 
or normal behaviour of the material from which 
the briquets were made. For example in U. S. P. 
2017,558, it was pointed out that extremely high 
pressure or the use of a binding agent was neces 

4. 
sary to form shaped bodies of ordinary lime 
such as is obtained from burnt limestone. 

Eacample 2 
The procedure of Example 1 was repeated with 

fine dust (through 65 mesh) from Commercial 
calcium carbide with these results: 

5 

Impact Abrasion 
Resist Strength ance 0. 

Pressed at room temperature.----------------- 5 
Pressed at 350 C------------------------------ 20 

29 
97 

5 
The results show that, for calcium carbide 

briquets, a four-fold increase in resistance to 
impact and a 95% decrease in the amount of 
dust produced in the abrasion test can be ob 
tained by briquetting the material at an ele 
vated temperature instead of at room tempera 
ture. 

20 

Eacample 3 
Powdery lime, made by calcining the line hy 

drate residue of an acetylene dry generator at 
650° C. in an electric muffle, was briquetted at 
room temperature and at a pressure of 30,000 
lb./sq. in. in a cylindrical mould 0.84 inch jn. 
diameter giving a briquet one inch high. Simi 
lar briquets were made by the same method and 
from the Same lime, but with the lime and the 
mould maintained at about 400° C. Groups of 
each type of briquet were tested as described 
below With these results: 
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Abrasign 
Resist 
aCe 

Impac 
Strength 

4() Pressed at room temperature------------------ 5 87 
Pressed at 400 C------------------------------ 19 98 

The results show that briquetting this material 
at 400° C. instead of at room temperature results 
in a four-fold increase in the resistance to im 
pact of the briquets, and an 85% decrease in the 
amount of dust produced in the abrasion test. 

Eacample 4 
The procedure of Example 3 Was repeated with 

dry lime hydrate powder obtained from acetylene 
dry generator residue. The results of the tests 
on the briquets were as follows: 
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Pressed at room temperature----------- 
Pressed at 400 C----------------------- 

60 

The results show that an almost three-fold 
increase in resistance to impact for lime hydrate 
briquets can be obtained by briquetting at 400 C. 
instead of at room temperature, while the abra 
sion resistance, already satisfactorily high, is not 
adversely affected. 
The materials and mixtures listed earlier in 

the specification have all been found to form 
briquets having superior mechanical properties 
when they are pressed at elevated temperatures. 
In the case of pulverized limestone (-100 
mesh), the impact strength of briquets pressed 
at 500° C. has been found to be more than double 

75 that of briquets pressed at 20° C., while more 
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than a ten-fold increase in impact strength of 
briquets of C. P. precipitated calcium carbonate 
was found on pressing the material at 500 C. 
instead of room temperature. In the case of 
the calcined dolomite-ferroSilicon mixture, and 
the Zinc oxide-coke mixture, the increase in in 
pact strength of briquets pressed at 350° C. over 
briquets pressed at 20° C. was more than four 
fold. In the case of the coke-line mixture, 
compared with the impact strength of a briquet 
pressed at 20° C., the impact strength of a 

O 

briquet pressed at 350° C. was doubled and, of a 
briquet pressed at 500 C., was tripled. 
The briquetting temperatures used in these 

pressing operations are far below the melting or 
sintering temperatures of these pulverulent ma 
terials. No explanation for the remarkable im 
provement in mechanical properties can be of 
fered; obviously any powdered material will 
form a strong briquet if pressed at a tempera 
ture close to its melting point, since mechanical 
abrasion between particles will cause Some 
fusion, but the pulverulent materials referred to 
in this specification cannot be briquetted at Such 
high temperatures because available briquetting 
machinery cannot operate at temperatures above 
about 60° C. 
Numerous other pulverulent materials and 

mixtures may beneficially be briquetted accord 
ing to the method described herein, while bi 
quets of some materials and mixtures benefit 
only slightly or not at all. For example, hematite 
and mixtures of hematite with coke and lime, 
Such as are used in Smelting, form weak briquets 
when pressed at room temperature, and form 
briquets with impact strength up to 300% 
greater when pressed at 350° C. Rock phos 
phate and mixtures of rock phosphate with 
mineral asbestos tailings, can be pressed at 350 
C. into briquets having 25-50% greater impact 
strength than similar briquets pressed at 20° C. 

It will be seen that the present invention Com 
prehends the briquetting, by compression at ele 
wated temperatures, of a non-metallic inorganic 
material or materials which do not appreciably 
SOften or melt at the temperature of compres 
sion. Preferably temperatures above 100° C., 
Suitably above 200° C. and most suitably above 
300° C. are employed. The pressure employed in 
compression preferably exceeds 1,000 lb./sq. in. 
being Suitably above 5,000 lb./sq. in. and is most 
suitably above 10,000 lb./sq. in. By the present 
invention we are able to produce strong briquets 
from, for example, metal oxides or metal car 
bides, alone or in admixture with metals or 
Carbon. Without the use of an added binder. 
The test methods used to determine the rela 

tive mechanical strengths of briquets as referred 
to in this specification are carried out as follows: 

Impact Strength.--The Sample under test is 
Set on a stationary anvil and a small weight of 
about 50 grams is set on it. Above this is ar 
ranged a Second weight of 140 grams arranged to 
Slide freely on a vertical guide. The second 
Weight is raised a short distance and allowed to 
fall, giving an impact blow through the first 
Weight to the sample. The test is repeated at 
Successively greater distances of fall of the 
Weight until the sample cracks. The last dis 
tance (in inches) is recorded as the “impact 
strength.' 

This test is a measure of the ability of the 
briquets to withstand the tumbling incidental to 
falling to or from conveyor belts or chutes or 
into Storage bins, without breaking. 
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6 
Abrasion resistance.--Two standard eight inch 

Screens (0.525 inch and 0.065 inch openings, re 
Spectively) With a cover and a bottom pan, are 
fitted on a "Combs' Gyratory Riddle.' Four to 
Six briquets are placed in the top screen and 
the riddle is operated for thirty minutes. The 
Weight of material remaining on the top screen, 
eXpressed as a percentage of the original weight 
of the briquetS, is called the “abrasion resist 
ance.' The second screen distinguishes be 
tween dusting to fine powder and breakage to 
coarse lumps; the latter does not occur with 
briquets of the type discussed in this specifica 
tion. 

This test is a measure of the ability of the 
briquets to withstand abrasion incidental to 
moving on conveyor beltS or chutes or into stor 
age bins, without dusting. 
We claim: 
1. A process for briquetting finely divided 

pulverulent non-metallic inorganic material hav 
ing a melting point of at least 1200° C., com 
prising heating the material to an elevated tem 
perature between about 100° C. and about 600° C., 
and briquetting the material while it is at the ele 
wated temperature without the addition of bind 
ing material. 

2. A process as claimed in claim 1, in which the 
material is a mixture of (i) a finely divided 
pulverulent non-metallic inorganic material that 
exhibits the property of being mouldable at ele 
wated temperatures and (2) other finely divided 
pulverulent non-metallic inorganic material. 

3. A process, as claimed in claim 2, in which 
the mixture comprises a metal oxide and coke. 

4. A process, as claimed in claim 3, in which 
the material is heated to an elevated tempera 
ture betWeen 300° C. and 500° C. 

5. A process according to claim 4 in which the 
material is briquetted at a pressure in the range 
from 5,000 lb./sq. in. to 30,000 lb./sq. in. 

6. A process for briquetting finely divided 
pulverulent non-metallic inorganic material hav 
ing a melting point of at least 1200° C. and that 
exhibits the property of being moulidable at ele 
Wated temperature below 600 C., comprising heat 
ing the material to an elevated temperature be 
tween about 100° C. and about 600° C., and 
briquetting the material while it is at the elevated 
temperature without the addition of binding ma 
terial. 

7. A process, as claimed in claim. 6, in which 
the material is a mixture of finely divided pull 
Verulent non-metallic inorganic Substances that 
exhibit the property of being mouldable at ele 
wated temperatures. 

8. A process, as claimed in claim 7, in which 
the mixture consists of a metal oxide and a metal 
hydroxide. 

9. A process according to claim 8, in which the 
material is heated to an elevated temperature 
between 300° C. and 500° C. 

10. A process, according to claim 9, in which 
the material is briquetted at a pressure in the 
range from 5,000 lb./sq. in. to 30,000 lb./sq. in. 

11. A process according to claim 6, in which 
the material is calcium carbide, 

12. A process, according to claim 6, in which 
the material is lime. 

13. A process, according to claim. 6, in which 
the material is lime hydrate. 

14. A process for briquetting finely divided 
lime comprising heating the lime to an elevated 
temperature between about 100°C, and about 600 
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C., and briquetting the lime while it is at the 
elevated temperature without the addition of 
binding material. 

15. A process as claimed in claim 14, in which 
the lime is heated to a temperature in the range 
between 300° C. and 500 C. 

16. A briquette of finely divided non-metallic 
inorganic material having a melting point of at 
least 1200° C., prepared by the proceSS claimed 
in claim 1. 

17. A lime briquette, prepared by the process 
claimed in claim 14. 

JOHN H. GIBBS. 
A. H. ANDERSEN. 
ABERT. J. ABBOTT. 
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